Change in species population may serve as a basis for evaluating the effects of grazing on range condition. However, it must also be recognized that vegetational composition varies from place to place independent of grazing influences and that populations on different soils may not respond alike to management treatments. Thus it becomes necessary to relate the vegetation to the site. In this s t u d y vegetational populations have been compared for different soils in the same climate. The experimental area was the Flint Hills bluestem pastures used in pasture utilization research at the Kansas Agricultural Experiment Station at Manhattan, Kansas. The purpose of the study was to associate vegetation with its environment as a basis for interpreting population changes and in segregating effects of grazing management practices from effects of site.
Bluestem grasslands such as these, when in climax or near-cli- max condition, are highly producive and are characterized by great stability under grazing. Shively and Weaver (1939) noted the long life span of the dominant species. Weaver (1940) pointed out that, after 90 or more years of settlement, large tracts remain practically uninvaded by weeds although surrounded by weedy fields and pastures. Phillips (1935) observed that climax is in dynamic equilibrium with the climate.
In the Flint Hills bluestem pastures this equilibrium of the climax vegetation with climate is not easily disturbed except by long continued, abusive grazing or repeated burning over dry soil.
Under close grazing most of the climax dominants and certain minor species, including many forbs, decrease but other members of the climax increase to take their place. If grazing pressure continues, the latter also begin to decrease and invasion by weeds takes place. These responses were recognized in the mixed prairie of Oklahoma by Smith (1940) who stated that species were forced out in the order of their palatability or edibility. Weaver and Hansen (1941) described stages of pasture deterioration near Lincoln, Nebraska, from climax to depletion, employing a classification of certain true prairie species according to their response to grazing. Dyksterhuis (1949) pointed out that departure from climax could be measured quantitatively by comparing the current relative coverage or production by species with that of the climax as determined by careful study of prairie relicts on the same kind of soil. Percentages of decreasers, increasers, and invaders were established as the basis for measuring degeneration. He recognized the influence of local site differences on the species population, even under total protection, and noted that there are many preclimax and postclimax sites differing in species composition but successionally in a state of equilibrium. Thus vegetation climax to a regional climate was not used as the maximum range condition for all sites. The climatic climax was expected to be represented only on the ordinary uplands, that is, on normal or zonal soils. Dyksterhuis showed that after sites had been classified on the basis of differences in undisturbed vegetation, degrees of grazing disturbance could be measured quantitatively because they were reflected in current plant populations.
The Flint Hills Grazing Region
The Flint Hills, an important livestock region supporting a yearround cattle population of some 500,000 head plus about 300,000 additional ones shipped there each summer to fatten, extends from the Nebraska line into northern Oklahoma between the 96th and 97th meridians. Its 4,000,OOO acres constitute a major segment of the true prairie. Utilization of this region for grazing has been discussed by Anderson (1953 
Procedure
Vegetational analyses were conducted during the growing seasons of 1947 to 1950 by the line interception method of Canfield (1941) as adapted to true prairie vegetation by Anderson (1942) . This method gives estimates by species in terms of both percentage basal area or ground cover and percentage of total population. Sampling was initiated one year prior to subdivision of the experimental area and two years before grazing treatments were effected. Thus differential effects due to grazing intensity were lacking.
In order to obtain estimates that would significantly reflect the variety of responses of the vegetation to grazing and to reduce the likelihood of faulty generalization concerning population change, it appeared desirable to classify the samples according to site conditions. This would permit associating any such change with the site as well as with the treatment. Thus the location of each transect sample was recorded on an aerial photograph and the conditions of slope, soil, and exposure were noted. With the completion of a soil survey and soil map in 1950, it was possible to group vegetation samples according to various land characteristics and to compare the groupings statistically.
Fifteen mapping units, including two gullied ones in which the vegetation was not sampled, were delineated in a soil conservation survey. Table 1 summarizes this survey, describes the mapping units, and identifies each by use of the national standard symbols for coding soil properties (Guide for Soil Conservation Surveys. 1951). During the mapping it became apparent that certain of the soils differences were not reflected in vegetational differences. Therefore, those mapping units obviously similar in both soils and plant populations were grouped together into 10 soil units, exclusive of the gullied ones, for a more detailed analysis of the vegetation. The grouping of the original mapping units into 10 soil units is indicated in Table 1 and the relative coverage by species on each of these units is shown in Table 2 .
Similarities in the vegetational composition of certain of these 10 groups suggested the further combination into five major groups, termed range sites. This grouping is indicated in Table 1 and shown in Table 2 together with average of vegetational composition for each group. The term range site, as employed in this study, refers to the combination of climatic and soil conditions of a given area as they affect species composition and forage production. Dyksterhuis (1949) pointed out that site separation is justified if (1) there is a measurable difference in species composition between two sites when development of natural vegetation and soil development are in equilibrium on each, or (2) with similar climax vegetation, there is a measurable difference in foliage production.
Although gullied lowlands and eroded clays occur in these pastures, the vegetation on them was not sampled because they are so highly variable in both soil and vegetational characteristics as to make sampling of little value and, in addition, they occupy only a small portion of the area under study.
Results Table 2 compares percentage population of major increasing and decreasing grasses by soil units in the five major groups. The data reveal that the six soil units of the first two groups (ordinary uplands and limestone breaks range sites) supported far more vegetation of the regional climax than did the others.
Little bluestem and big Indiangrass made up 9.9 and 10.1 percent of the population in the first two groups but only 4.3, 3.9, and 1.8 percent in the others. When major increasing and decreasing perennial grasses were compared, soil units in the first two groups were found to support'57.9 and 62.8 percent decreasers, respectively, and only 26.6 and 23.5 percent increasers. Corresponding values in the other three groups of soil units were 38.0, 35.1, and 19.9 percent for decreasers and 44.6, 49.4, and 54.7 percent for increasers.
To test the validity of these groupings, the populations of decreasing and increasing perennial grasses of the 10 soil units were compared, on the basis of absolute basal intercept as measured in the line-transect samples, in a series of analyses of variance applied to the 10 groups for each of the four years. In each case highly significant differences were noted among units for both increasing and decreasing species, thus supporting the hypothesis that population differences as influenced by site do actually exist.
The six soil units of the ordinary upland and limestone breaks groups were then subjected to the same type of analysis to test the assumption of homogeneity.
Ill these tests neither total increasers nor total decreasers gave F values high enough to indicate significance at the .05 level in any of the four years, tending thus to substantiate the hypothesis that these six soil units produced similar vegetation. However, examination of the relative coverage by individual species revealed the fact that the two limestone breaks units contained a significantly greater percentage of sideoats grama and the ordinary upland units a significantly greater percentage of Kentucky bluegrass. Unit 2 varied from this in that its population of sideoats grama KLING L. ANDERSON AND CLAUDE L. FLY resembled that of the limestone breaks units.
Analysis of the data for the clay upland group, units 7 and 8, showed that these two were essentially alike but differed significantly from the other groups. Their vegetation is preclimax in nature.
Units 9 and 10 support vegetation even more unlike the regional climax than that of units 7 and 8.
Unit 9, designated as the very shallow range site, is characterized by very shallow soils along ledges of massive limestone, while unit 10, the claypan site, has a very shallow surface soil over dense clay subsoil.
The gullied lowlands are in reality a complex of many sites too small to delineate individually. They were not sampled but were delineated to complete the map, making a total of six range sites. These gullied lowlands support a plant cover distinctly different from that of the five groups described above. It is highly variable due to the presence of bare areas and actively eroding banks, as well as seeps and springs. Stands composed almost entirely of cordgrass (Sparihba pectinata) or coarse sedges are found in wet places, while typical lowland prairie occurs in the more mesic ones between areas bared by active erosion. Accurate and representative sampling of the vegetation in this site is not possible.
Characteristics of the five upland and the single lowland range sites and their respective vegetation may be summarized as follows : OU-Ordinary Wpland S i t e. Lands having sufficient depth of soil with medium or loamy texture and hence with suitable soil-plant moisture relations to support the type of vegetation that is climax on the zonal soils of the regional climate. LB-Limestone Breaks S i t e. Lands similar to the above but occurring on steeper slopes and therefore subject to somewhat greater loss of moisture by runoff and with less development. The vegetation, ave.
% % % however, is like that of the above site in its major features and may be considered climax in nature. CU--Upland Site. Lands hasing sufficient depth of soil but with somenhat less infiltration, slower permeability, and a smaller percentage of water available to plants than ordinary uplands, hence SUPporting at best a somewhat preclimax vegetation.
Cp-Claypan Site. Lands having sufficient depth of soil, but vith even more restrictive mater relations than the clay upland sites, thus supporting a preclimax Wgetation.
V&Very
Shallow Site. Lands having insufficient depth of soil for normal vater storage, hence supporting under proper grazing a vegetation distinctly preclimax.
Ld--Lowland Site (gullied). Lands receiving more mater than normal and having, because of position and soil depth, such moisture relations as to support a postclimax vegetation under proper graeing (with gullies controlled).
Haring grouped certain soil units into range sites on the basis of the foregoing evidence, the validity of these groupings was suhjected to further analysis. Each group mean ,vas compared separately with each of the others for both decreasers and increasers for each of the four years by means of t-tests. These tests revealed consistent, highly significant differences between the two range sites, ordinary uplands and limestone breaks (considered together here as representing the regional olimax), and the ot,hers, except in 1947 when the t-value for the comparison of the means of these two sites with that of the very shallow site was too low for significance at the .05 level.
Values of t for the other comparisons are not consistent, failing in many instances to approach the .05 level of significance. Comparison of the me&m of the clay upland site with those of the very shallm and the claypan sites gave fairly high t-values, exceeding the .Ol lerel in some cases, notably in 1949 and lIl50. The very shallow and elaypan sites failed in all cases but one to show differences significant at the .05 leml. The claypan site, honever, differed markedly from the vei-y shallow site in percentage of several important species. The former was high in buffalograss (Bz1chZoe dactyloides) and Kentucky bluegrass, but very low in little bluestem, mhile the latter wa high in blue grama (Boutelma  gracilis) and hairy grama (B. hirszcta).
The extent to which the range site classification reported here might apply to the broad area was explored by comparisons of the physical characteristics of the exp&mental pastures with those of the Flint Hills generally. The mmpar&w data given in Table 3 rereal a striking similarity in the range sites and in the percentage of each site present. It is evident that the experimental pastures are representative of the Flint Hills grassland, and that conclusions drawn from their study should have direct application to the approximately 2,800,OOO acres of this region remaining in native grass.
Discussion
The stability of prairie vegetation precludes rapid change in population of climax species except under extremes of treatment. Local environmental differences, however, influence the composition and density in the stabilized state. It is necessary to relate population samples to these environmental 01' site differences in order to obtain data suitable for the evaluation of trends that result from management practices.
Numerous subdivisions can be delineated on the basis of soil differences by those trained in soil classification methods.
In this study statistical analyses of the populations of major forage species in 10 such subdivisions have indicated that certain soils are sufficiently alike to support like plant populations and, therefore, sufficiently alike to be classed as a single range site. Analyses of the species composition in relation to soil conditions indicated that six groups of these soil units should be recognized as range sites in the bluestem pastures of this study area.
Ordinary uplands and limestone breaks range sites exhibited greater percentages of the mid and tall grass dominants of the climax prairie than did the other range sites. The ordinary uplands repre- sent that portion of the prairie on which the climax may attain full expression, while the limestone breaks, a site with an environment nearly as favorable, may also be capable of exhibiting the climax vegetation.
The other units sampled may be considered preclimax because soil depth and water relations are less favorable to plant growth. Big bluestem, little bluestem, and indiangrass together made up 55 to 60 percent of the vegetation of the two climax sites and only 16 to 36 percent of the other three.
Short grass species such as buffalograss and blue grama, on the other hand, were relatively more abundant in sites having less favorable water relations.
The lowland site was not sampled but appeared from field observation to represent a postclimax because of the additional water received from slopes and the greater depth of permeable soils. Much of this site is gullied with raw exposures of soil and parent rock. The vegetation, in the portions not seriously eroded, is of a postclimax nature.
It is evident from these data that a close relationship still exists between site conditions and species composition even after some degree of degeneration has resulted from grazing. This is emphasized by the fact that the most favored sites still contain the greatest amounts of decreasing species. Recognizing these relationships, any future and land use and for further research.
Comparison of the range sites delineated on the basis of species composition with those based on the physical characteristics of the land shows striking similarity in that the same general kinds of sites were selected.
Ranged in order from postclimax to lowest producing preclimax, these would be lowlands, ordinary uplands, limestone breaks, clay uplands, claypan, and very shallow uplands. Some differences exist, however, within these physical groupings. The limestone breaks with very steep slopes (35 to 60 percent) resemble the ordinary uplands in percentage of major grass species but were separated from them partly because it appeared that erosion losses might be excessive if they were closely grazed. Had the data on composition alone been considered, these steep slopes might have been grouped with the ordinary upland site. Soil depth and water relations are favorable despite the presence of much stone and chert. Brief utilization checks in 1950 trends in species composition must be considered in light of potential development of vegetation for the site. The grouping of the natural soil units into categories based on obvious differences in vegetation and soils will facilitate sampling the plant populations and the interpretation of data. It is proposed that this method of grouping serve as a basis for classification of range sites in Flint Hills range pastures both for purposes of conservation and 1951 showed that these steep slopes received about the same degree of use as the moderate to gentle ones.
Clay uplands might have been included with the ordinary uplands if depth and texture of surface soil alone had been mapped. Their species composition is, however, sufficiently different to set them apart as a distinct range site. The claypan and very shallow range sites differ from all the others in both plant composition and soil condi-
